EARLINET : The First Continental-Scale Lidar Network for Vertical Aerosol Profiling by WANDINGER, Ulla
 EARLINET: The First Continental-Scale Lidar  
Network for Vertical Aerosol Profiling 
 
Ulla Wandinger 
 
Leibniz Institute for Tropospheric Research, Leipzig, Germany 
 
Abstract. An overview on the establishment and the objectives of the European Aerosol Research Lidar Network 
is given. Major results of the intensive observational period from May 2000 to November 2002 are presented. 
The air-flow-related aerosol modification across Europe and the observation of special events are discussed. 
These results describing the European haze plume in three dimensions and the regional to continental aerosol 
transport are based on the network observations in combination with extensive backward trajectory analysis.  
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INTRODUCTION 
 
The European Aerosol Research Lidar Network (EARLINET) is the first continent-scale lidar 
network for monitoring of anthropogenic haze [Bösenberg et al., 2003]. The main objectives 
of EARLINET are the establishment of a comprehensive and quantitative statistical data base 
of the horizontal and vertical distribution of aerosols on the European scale, and the use of 
these data for studies related to the impact of aerosols on a variety of environmental and 
climate-relevant problems.  
 
METHODOLOGY AND QUALITY ASSURANCE 
 
During the intensive observational period from May 2000 to November 2002, coordinated 
lidar measurements (three observations per week, Monday afternoon and evening, Thursday 
evening) were performed at 20 EARLINET stations distributed over most of Europe. In 
addition to the regular schedule, individual observations addressed special situations such as 
Saharan dust outbreaks, long-range transport of forest-fire aerosols, smog episodes, and 
diurnal cycles in the planetary boundary layer. Typical measurement wavelengths are 355, 
532 and/or 1064 nm; most of the systems operate in the UV. Thirteen stations have 
implemented the Raman technique for an independent retrieval of aerosol extinction and 
backscatter coefficient profiles. 
Because the network consists of individual lidar systems designed at research institutes for 
different purposes, an extended quality-assurance program based on the intercomparison of 
individual lidar systems [Matthias et al., 2004a] as well as retrieval algorithms [Böckmann et 
al., 2004; Pappalardo et al., 2004] was conducted to ensure a homogeneous data set. 
Evaluated data in terms of profiles of aerosol backscatter and extinction coefficients are stored 
in a platform-independent common data base. Backward trajectories for each station for two 
daily arrival times and six pressure levels provided by the German Weather Service 
complement the data set.  
 
STATISTICAL ANALYSIS 
 
EARLINET provided statistical findings on the temporal and spatial distribution of boundary-
layer heights and of aerosol extinction and backscatter coefficients in the planetary boundary 
layer (PBL) and in the free troposphere as well as on the wavelength dependence of the 
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 optical properties [Mattis et al., 2004; Matthias et al., 2004b]. From Raman lidar observations 
at 10 stations a data base of extinction-to-backscatter ratios has been established. For 
moderately polluted sites in central Europe mean PBL extinction coefficients of the order of 
200 and 100 Mm-1 at 355 and 532 nm, respectively, are found. The values are a factor of 2 
lower at maritime sites at the western rim of the continent and up to a factor of 2–3 higher at 
polluted south-eastern European stations. Mean PBL heights range from 1200 to 2000 m, with 
lowest values at the coast and highest at continental sites, and show a strong seasonal 
dependence especially over the continent. In northern Europe, the free troposphere contributes 
10–20% to the total aerosol optical depth. In southern Europe 25–40% of the aerosols are 
found above 2 km height. This high value is mainly attributed to the transport of Saharan dust 
across the Mediterranean (see below). Extinction-to-backscatter, or lidar, ratios vary strongly 
depending on the observed aerosol types. Values of 50–60 sr are found for industrial-pollution 
aerosols. Lidar ratios are of the order of 30–50 sr at stations which are mainly influenced by 
maritime air masses. In Saharan dust, values of 40–80 sr are observed.  
 
AIR-FLOW-RELATED MODIFICATION OF AEROSOL PROPERTIES 
 
Changes in the aerosol optical properties of the European haze plume related to anthropogenic 
activities can be observed when clean air crosses the densely populated, highly industrialized 
continent with the prevailing westerly winds [Wandinger et al., 2004]. Air flows across the 
predominantly flat terrain in the northern part of Europe show an increase of the optical depth 
at 355 nm from 0.05 at the most western station at Aberystwyth, Wales, to values of 0.3–0.4 
in central Europe (Hamburg, Leipzig) and 0.6 at Belsk, Poland. During easterly flows optical 
depths of 0.5–0.6 are measured at the central European sites, and the values are as high as 0.9 
when air from the Black Sea region arrives with south-easterly flows at the most eastern 
stations of Belsk, Poland, and Minsk, Belarus.  
The Alps represent a major orographic barrier between the northern and southern part of 
EARLINET. In southern Europe, the diverse orography which can lead to a complex aerosol 
layering due to sea breezes and mountain-induced winds [Perez et al., 2004] complicates the 
investigation of air-flow-related changes of the aerosol properties. However, even in this part 
of Europe the influence of anthropogenic activities, e.g., when air masses cross Italy from 
northwest to southeast, can be documented. 
 
SPECIAL OBSERVATIONS 
 
A variety of special observation programs have been performed within EARLINET. One of 
the major projects was the characterization of Saharan dust outbreaks towards Europe. In 
southern Europe as many as 50 dust events per year have been monitored. Up to 10 dust 
plumes per year reach central Europe. In these situations the dust, which is mainly found in 
the free troposphere, often dominates the aerosol properties of the whole troposphere. Dust 
optical depths of up to 0.8 at 532 nm have been found in central Europe [Ansmann et al., 
2003]. Because dust particles are relatively large and non-spherical their optical properties 
differ significantly from other aerosol types [Mattis et al., 2002; De Tomasi et al., 2003; Balis 
et al., 2004; Murayama et al., 2004]. 
Wild fires have been identified as another import source of aerosols in the free troposphere. 
Smoke from forest fires can be transported in the free troposphere over very long distances 
and remain in the atmosphere for several weeks. In May–July 2003 aerosol extinction in the 
free troposphere was a factor of 3–4 higher than in the respective months of the years 2000–
2002 because of severe forest fires in Siberia and Canada [Mattis et al., 2003]. 
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